Background: South Africa (SA) is undergoing multiple transitions with an increasing burden of non-communicable diseases and high levels of overweight and obesity in adolescent girls and women. Adolescence is key to addressing trans-generational risk and a window of opportunity to intervene and positively impact on individuals' health trajectories into adulthood. Using Intervention Mapping (IM), this paper describes the development of the Ntshembo intervention, which is intended to improve the health and well-being of adolescent girls in order to limit the inter-generational transfer of risk of metabolic disease, in particular diabetes risk. Methods: This paper describes the application of the first four steps of IM. Evidence is provided to support the selection of four key behavioural objectives: viz. to eat a healthy, balanced diet, increase physical activity, reduce sedentary behaviour, and promote reproductive health. Appropriate behaviour change techniques are suggested and a theoretical framework outlining components of relevant behaviour change theories is presented. It is proposed that the Ntshembo intervention will be community-based, including specialist adolescent community health workers who will deliver a complex intervention comprising of individual, peer, family and community mobilisation components. Conclusions: The Ntshembo intervention is novel, both in SA and globally, as it is: (1) based on strong evidence, extensive formative work and best practice from evaluated interventions; (2) combines theory with evidence to inform intervention components; (3) includes multiple domains of influence (community through to the individual); (4) focuses on an at-risk target group; and (5) embeds within existing and planned health service priorities in SA.
Background
Sub-Saharan Africa is undergoing multiple transitions with rapid urbanisation and economic development leading to changes in lifestyle and dietary habits [1] . One of the consequences, which partly accounts for the increase in the incidence of non-communicable diseases [2] , is the double burden of early life under-nutrition, characterised by low birth weight and postnatal stunting, and later overnutrition characterised by rapid child and adolescent weight gain and obesity [3] . South Africa (SA) is one of the African countries further along in this transition [4] , where the increasing burden of non-communicable diseases (NCDs) in both rural and urban areas has been reported, with steady increases in type 2 diabetes (T2D), hypertension and ill-defined heart disease [2] . In SA between 1999 and 2006, premature adult deaths from diabetes increased by 38% among adults [2] , and it has been proposed in these transitioning populations that T2D may exceed the public health burden from communicable diseases such as HIV [5, 6] .
Furthermore, the results of the first South African National Health and Nutrition Examination Survey (SAN-HANES-1), released in August 2013, put the combined prevalence of overweight and obesity in women (15 years and older) at 65%, and at 77% for women between 45-54 years of age [7] . These high levels of female overweight and obesity have serious implications for the intergenerational transfer of metabolic disease risk, particularly with regard to altered maternal glucose metabolism during pregnancy and the related consequences for the infant [6, 8] . High maternal body mass index (BMI) and gestational diabetes mellitus (GDM) are independent risk factors for perinatal complications, and GDM has been independently associated with an increased risk of neonatal morbidities [9] . Children of mothers who had GDM during pregnancy are also at increased risk for obesity and T2D [10] .
In light of these risks, preconception care is crucial, and optimising health in the pre-pregnancy period is especially important for glycaemic control [11] . However, many adolescent girls and women in low-and middle-income countries (LMICs) do not have access to preconception care, and there has been a call to broaden the reach of current preconception interventions, particularly those that are cost-effective, in these settings [12] . The pregnancy period presents another opportunity for intervention, and there is some evidence that indicates that women improve health behaviours, such as decreasing smoking, alcohol and caffeine consumption during pregnancy [13] .
Recent unpublished data from a rural health surveillance site in SA [14] indicates that 65% of women in this area have had a child by the age of 20. Considering the high proportion of women who have had a child by age 20 years of age in SA, it is essential that pre-pregnancy interventions target adolescents to minimise transgenerational risk. Furthermore, the importance of preconception interventions to promote adolescent health has recently been emphasised, particularly in countries with a young age at first pregnancy and where the prevalence of undernutrition is high [6, 15] . In addition, the increasing burden of non-communicable diseases among adolescents has been noted [16] , and Sub-Saharan Africa has been reported to have the worst regional health profile for adolescents [17] . In SA there are concerning rates of overweight and obesity amongst adolescent girls (29% overweight and 7.5% obese in 2008), with higher rates amongst urban compared to rural adolescents [18] . Unsafe sexual behaviour amongst adolescents is also a pertinent and concerning issue in SA as it increases adolescents' exposure to HIV/AIDS and sexually transmitted infections, and contributes to the incidence of teenage pregnancy [19] .
According to Dean et al [12] it is essential that adolescent health and reproductive health be regarded as critical stages in the continuum of care. They have advocated a systems-based approach to expand the demand for and uptake of preconception interventions, especially by adolescents, and support task-shifting to community health workers as part of this systems-based approach [12] . Hanson et al. [6] have argued that preconception interventions with adolescents should include a health literacy component, which involves increasing access to health information, and development of the capacity to use this information effectively.
In addition to being an optimal life stage for preconception interventions, adolescence has been recognised as a key development phase for the establishment of future patterns of adult health [20] , presenting an opportunity to intervene and positively impact on individuals' health trajectories into adulthood. According to Viner, it is a "second sensitive developmental period in which puberty and rapid brain maturation lead to new sets of behaviours and capacities that trigger or enable transitions in family, peer, and educational domains, and in health behaviours. These transitions modify childhood trajectories towards health and wellbeing" [21] .
As highlighted by studies in both urban and rural SA, a major challenge is the complex interrelationship between poor maternal nutrition and postnatal stunting on one hand, and the increased risk of adolescent and adult obesity on the other, leading to an increased risk of T2D and metabolic disease in future generations, which is further accelerated by weight gain. The primary hypothesis driving the proposed intervention presented in this paper is that maternal pre-pregnancy body composition, pregnancy weight gain, and altered maternal glucose metabolism, can significantly impact maternal postnatal risk of T2D, pregnancy complications, offspring growth and body composition, and later risk for T2D and metabolic disease in the offspring.
Aim
This paper describes the application of the Intervention Mapping approach to the development of an intervention, referred to as the Ntshembo intervention, which is intended to improve the health and well-being of adolescent girls in order to limit the intergenerational transfer of risk of metabolic disease. Due to the double burden of under-and over-nutrition in SA and its concomitant risks, the intervention aims to optimise pre-pregnancy health (minimise under-and over-nutrition).
Methods

Study (intervention) setting
The work presented in this paper forms part of a broader body of work referred to as: "Project Ntshembo -Health and well-being of female adolescents: limiting the intergenerational risk of metabolic disease". The word 'Ntshembo' means 'hope' in Shangaan, one of SA's official languages, and the main local language used in the study area, with the connotation around hope for a healthier future. The project started in 2007 with collaborating institutions that included the University of the Witwatersrand (Wits, SA; leading institution), University of Cambridge (UK), University of North Carolina at Chapel Hill (USA), University of Oxford (UK), Umea University (Sweden), University of Southampton (UK), and the University of Cape Town (SA).
The primary hypothesis is that maternal pre-pregnancy body composition, pregnancy weight gain, and altered maternal glucose metabolism, can significantly impact maternal postnatal risk of T2D, pregnancy complications (such as obstructive labour), and offspring growth, body composition and later risk for T2D and metabolic disease. Therefore, the intervention aims to reduce the transgenerational risk of T2D. For the purpose of this project, adolescence refers to the period between 13-19 years of age.
The rural study site for Ntshembo is the Agincourt subdistrict of Bushbuckridge, Mpumalanga Province, near the Mozambique border where the MRC/Wits Rural Public Health and Transitions Research Unit (Agincourt) leads a health and socio-demographic surveillance system [14] . The Agincourt area has a population density of ±170 persons per km 2 , and is characterised by household plots supporting limited subsistence agriculture. Unemployment is widespread, with an estimated 60% of men and increasing numbers of women migrating to more urban areas for work, and many households dependent on social grants, such as old age pension and child support grants [22] .
Formative work in Agincourt has identified an "explosive combination of early childhood stunting and adolescent obesity", as well as a shift in child growth and nutrition towards a more urban profile [3] . The prevalence of stunting is 18% among children aged one to four years, with a peak at 32% in infants aged one year. The prevalence of overweight/obesity across the adolescent years is significantly higher in females (15%) than in males (4%) and the prevalence of overweight/obesity in adolescent females increases with age and peaks at 25% at 18 years. A similar trend was observed with central obesity with 35% of 18 year old females having a waist circumference greater than the recommended adult cut-off of ≥80cm [3] . HIV prevalence in persons 15 years and older in Agincourt is 23.9%, and 5.5% among females in the 15-19 year old category [23] .
The work of Ntshembo has been embedded within the existing community engagement processes followed within Agincourt, which are coordinated through the 'Learning, Information Dissemination and Networking with the Community' (LINC) office within the Agincourt Research Unit. This involves a formal process of 'community entry', which includes consultation with local stakeholders and community leaders, and helps to highlight community needs and priorities. This was intended to create a greater sense of community ownership of and participation in the work of Ntshembo, and will play a crucial role in future intervention development work. It is essential that the Ntshembo intervention is responsive to community needs and priorities, and that the intervention activities are feasible and sustainable in a rural setting such as Agincourt.
Intervention Mapping (IM)
The Intervention Mapping (IM) approach provides a framework for the development of health promotion programmes [24] , emphasising the importance of theory and evidence in programme planning. IM ascribes to a social ecological paradigm, acknowledging that programmes can target behavioural and/or environmental factors, and that determinants of health are both personal and environmental.
The IM process involves six steps: 1) needs assessment, 2) formulation of change objectives (intervention objectives and their determinants), 3) selection of theory-based methods and practical strategies, 4) intervention development, 5) development of adoption and implementation plan, and 6) evaluation planning. This paper will focus on steps 1-4, as these represent the progress made on the project thus far. The IM process aligns with the UK MRC guidelines for the development and evaluation of complex health promotion interventions [25] . In particular, both emphasise the need to take both evidence and theory into consideration. The focus on both personal and environmental determinants within IM increases the complexity of a health promotion intervention, therefore requiring a strategy for developing and evaluating such an intervention.
The needs assessment in IM is based on a modified PRECEDE model. The PRECEDE-PROCEED model and other approaches were considered as possible frameworks for intervention development. However, the authors believed that the IM approach provides the most comprehensive approach to evidence-and theory-based intervention development that specifies the processes involved in programme design and development, and therefore opted for the use of this framework. The IM approach has been used in the development of a number of health promotion interventions, and has been described as a helpful approach for the systematic development of these interventions [26] [27] [28] [29] [30] [31] . Strengths of the IM approach include its ability to take into account the complexity of intervention research [26, 29] , the way in which it can lead to a coherent intervention model [28] , and the extent to which the approach ensures that interventions are grounded in theory and evidence [29] . Furthermore, the IM approach helps to tailor an intervention to suit the needs of a specific population [29] . While the IM approach provides a fairly structured process, some have used it in a more iterative manner [27, 28] , and the need for flexibility in the approach is acknowledged by its authors [24] .
Step 1: needs assessment
The needs assessment, using IM, involves an analysis of the health problem, associated behavioural and environmental conditions, and determinants of these conditions for the population at risk. In this paper, the evidence reviewed for the needs assessment includes international research on the health problem (and associated conditions and determinants) as well as research conducted in SA. A large proportion of the SA literature to be presented (published and unpublished) relates to the communities where the intervention is intended to be implemented, and this formative work has been conducted by the MRC/ Wits Developmental Pathways for Health Research Unit, the MRC/Wits Rural Public Health and Health Transitions Unit (Agincourt) and the School of Public Health, University of the Witwatersrand. Furthermore, some of this data draws from the Birth to Twenty cohort study in Soweto, Johannesburg, that has been following participants for over 23 years since their birth in 1990 [32] .
While there is likely to be variability between SA communities, the more general SA data helps to provide the necessary local context within the international literature that will be presented. The section that follows provides the best available balance of community-level, national and international evidence, and meets the requirements of a needs assessment within the IM approach.
Reviewing the evidence
Reproductive health Despite a reported decline in teenage pregnancy in SA, the percentage of adolescents who report having been pregnant is still high, at approximately 30% [33] , and the influence of social and gender issues has been acknowledged [34] . Among female adolescents (13-18 years old) in SA, 30.2% have had sex [35] . In Agincourt, qualitative work on adolescents' cultural beliefs and practices indicates that adolescents know about risks and the need for protection from HIV and pregnancy, but that they need people to talk to about real life issues, e.g. dating, peer pressure and sexual risk taking, and have reservations about going to the clinic for contraception [36] .
It is important to note that the Ntshembo intervention will not seek to directly address risk behaviours that lead to teenage pregnancy, such as unprotected sex, since these behaviours have been the focus of other interventions in SA, many of which have a primary focus on the prevention of HIV. The most well known of these is a national youth HIV prevention intervention, loveLife [37] . The intervention will address HIV risk, health service access around reproductive health, and planned pregnancy. NCDs, overweight and obesity Risk factors for NCDs, such as physical inactivity, unhealthy diet and obesity [38] , have been shown to be prevalent amongst youth in SA [35] , and the concerning rates of overweight and obesity amongst SA girls have already been mentioned [18] . In addition, there is a higher prevalence of overweight and obesity in girls than boys [3, 39, 40] , and overweight and obesity have been associated with higher socioeconomic status (SES) in SA adolescents [18, 40] . Other research has identified overweight and obesity, as well as physical inactivity and diet as important risk factors for NCDS in 15-24 year old SA females, particularly in urban areas [41] . These findings highlight the need to optimise body composition before and during pregnancy in adolescent girls in order to reduce the intergenerational transfer of metabolic risk.
Although there is limited data from rural settings, and although adolescent obesity has been shown to be higher in urban compared to rural adolescents, the increase in adolescent obesity in girls from rural settings is concerning, as is the shift in child growth and nutrition towards a more urban profile in rural areas, as mentioned earlier [3] . The urban data presented here is therefore applicable when considering adolescent obesity and health behaviours in rural settings.
Regarding determinants of obesity, a complex array of socio-cultural and environmental factors has been associated with obesity in black SA women [42] , and a higher tolerance of a larger body size amongst black girls [43] [44] [45] has been linked to social and cultural norms [46] . In terms of family influences, an authoritative parenting style has been associated with lower levels of obesity [47] . Unhealthy diet SA is said to be undergoing a nutrition transition, which involves a shift towards a diet high in fat, sugar and refined foods [4, 39] . Research has shown that SA adolescents follow a typically Western diet that is high in fat [48] and starch [49] , and includes a high intake of fast foods from commercial and informal outlets [39, 50] , and low fruit and vegetable consumption [49, 50] . Another SA study found that adolescents brought more unhealthy than healthy items to school, and the items they bought at school were predominantly unhealthy [51] . Studies with urban and rural (Agincourt) adolescent girls in SA have identified barriers to healthy eating practices, and these include persisting poverty and food insecurity, particularly regarding the affordability and accessibility of healthy food, as well as aspirations to purchase fast foods as they are perceived to be more socially desirable [50, 52] . These studies also found that knowledge of healthy dietary practices was not deficient amongst adolescent girls, but that a disparity existed between this knowledge and their healthy dietary practices [50, 52] . However, other research with SA adolescents found an association between poor knowledge of dietary fat and the consumption of an unhealthy diet [48] .
In young SA adults, consumption of fast foods has been associated with lower SES [53] . Parents' healthy eating behaviours [27, [54] [55] [56] (with a stronger association in LMICs compared to high-income countries [57] ), an authoritative parenting style [54, 55, 58, 59] , and the frequency of family meals [55, 60, 61] have all been associated with healthy eating amongst adolescents. Unhealthy joint decisions with peers have been associated with unhealthy dietary habits amongst adolescents [62] . Physical activity In girls, physical activity (PA) has been shown to decline in adolescence [63] [64] [65] , and lower activity levels have been associated with living in more urbanised areas [41, 66] . Data from Australia has recognised active commuting as an important source of habitual PA in adolescent girls [67] . Although active commuting has been associated with lower SES in girls [68, 69] , it is a highly variable behaviour that is sensitive to change in response to external factors [67] .
In a study on physical activity amongst adolescents in Agincourt, 92% reported that they walked for transport [70] . In this study, moderate-vigorous physical activity (MVPA) was found to be higher in adolescent boys than girls, and lower socioeconomic status (at the maternal, household and community levels) was significantly associated with lower MVPA and more walking for transport.
A wide range of determinants of PA for adolescents has been identified. These include personal determinants such as planning, attitude, self-efficacy, goal orientation / motivation, and participation in physical education or school sports [71] . External determinants that have been associated with high physical activity include an authoritative parenting style [59] , parent support [54, 55] , parent education, parental PA, friend support, SES, exposure to outdoors, and involvement in available activities [72] [73] [74] .
Qualitative work with adolescent girls in Agincourt has identified conflicting ideals regarding body shape ("with or without curves") as an inhibiting factor for physical activity in this group [75] . In addition, human, financial and physical infrastructural limitations facing schools and youth groups were also highlighted as barriers to physical activity for adolescent girls living in Agincourt. Sedentary behaviour Sedentary behaviour is independent from physical inactivity, and refers to time spent sitting or lying down, and typically includes television viewing and time spent using electronic devices (screen time). Amongst girls, sedentary behaviour in leisure time has been shown to increase significantly between early-and midadolescence, particularly on weekends [76] . High levels of sedentary behaviour, such as more than two hours of television viewing, have been associated with poor physical and psychosocial health outcomes in children and adolescents (5-17 years), with a decrease in sedentary time associated with a decrease in BMI [77] . In 11-year old children, the prevalence of sedentary behaviour has been negatively associated with well-being, and positively associated with higher SES and weight status [68] .
Gordon-Larsen et al. have argued that sedentary behaviour (which they have referred to as inactivity) has different determinants to physical activity [73] . While the evidence for these determinants is limited [71] , parental education and socioeconomic status [73, 74] , as well as an authoritative parenting style [59] have been inversely associated with sedentary behaviour. In contrast to these findings, which are predominantly from urban settings, lower SES (at the maternal, household and community levels) has been significantly associated with less sedentary time amongst adolescents in Agincourt [70] .
Key behavioural objectives
The evidence presented in the needs assessment provides a justification for the development of an intervention for rural-dwelling adolescent girls that would promote healthy lifestyles, optimise pre-pregnancy health (minimise under and over-nutrition) and increase the likelihood of a healthy pregnancy, should they become pregnant. The following key behavioural objectives were therefore selected for this intervention, focussing on the behaviour of adolescent girls:
• Improve reproductive health,
• Eat a healthy, balanced diet,
• Increase physical activity,
• Reduce sedentary behaviour.
Step 2: matrices of change objectives
In this step, each behavioural objective is broken down into performance objectives, and personal and external determinants are specified for each performance objective. Combined, these performance objectives and determinants constitute change objectives, and these are mapped out systematically into a matrix for each behavioural objective. The performance objectives selected for this intervention are those considered to be the most appropriate and relevant for adolescent girls that would be targeted by the Ntshembo intervention. Literature presented in the needs assessment helped to inform the selection of determinants for these performance objectives, along with constructs from behaviour change theories (self-efficacy, for example), as well as other studies that have used the IM approach for intervention development [28] . Authors gave input on the selection of these determinants, based on their research experience. Matrices of change objectives for the Ntshembo intervention are presented in Tables 1, 2, 3 Performance objective Literacy Self-awareness Self-efficacy Personal preference
Increase consumption of fruits and vegetables
Understanding of the importance of fruit and vegetable consumption for the promotion of health
Awareness of options for purchasing fruit and vegetables
Confidence to increase consumption of fruit and vegetables Choice to eat fruits and vegetables that they prefer Peers are perceived to be participating in communitybased activities that promote movement Peers and family support increased participation in community-based activities that promote movement Accessibility of appropriate activities that promote movement for adolescent girls Availability of adolescent-friendly health education material, delivered by an appropriate health care worker nor are they intended to provide details of the interventions. These matrices of change help to provide a 'map' for the development of specific intervention components.
Step 3: selection of methods and strategies
In step 3, theory-based methods and practical strategies are identified that will be appropriate for bringing about behaviour change in an intervention target group, which in this case is adolescent girls. Appropriate behaviour change techniques (BCTs) for the Ntshembo intervention, listed in Table 9 , have been identified from the taxonomy of BCTs developed by Abraham and Michie [78] , and draw on social cognitive theory [79] , the theory of planned behaviour [80] , control theory [81] and the information-motivationbehavioural skills model [82] . A theoretical framework outlining the relevant components of these theories is presented in Figure 1 . This framework highlights the complexities of behaviour change, illustrating the various factors that influence motivation and intention to change behaviour, and behaviour change itself. These factors include knowledge and skills to perform a behaviour; perceptions of others' behaviour and what is considered socially acceptable behaviour; attitudes and beliefs regarding a particular behaviour and an individual's perceptions of the extent to which they are capable of changing this behaviour.
Step 4: intervention development Evidence of intervention effectiveness
Before providing an outline of the Ntshembo intervention, it is helpful to consider evidence regarding the effectiveness of interventions for adolescent girls that optimise health. The evidence of effectiveness of interventions to promote reproductive health is limited. While early presentation for antenatal care is recommended in order to identify risks, little is known about how to effectively promote this in adult women [83, 84] , let alone adolescents, although community engagement programmes are recommended to enable women to seek antenatal care early in their pregnancy [83] . A lack of understanding regarding the benefits of early antenatal care has been identified as a barrier to early initiation of antenatal care [83, 85] .
In terms of interventions that address behaviours associated with over-and under-nutrition, school-based, multi-component interventions with adolescent girls, targeting lifestyle behaviours associated with obesity, have been shown to increase PA [86] and decrease sedentary behaviour [87] , as well as improve selected body composition measures and some dietary behaviours [88] . However, systematic reviews on obesity interventions in adolescents have shown that the effectiveness of school-based interventions can be limited (only 41% of studies reviewed showed a positive effect) [89] , and that there is a need for more quality trials examining physical activity behaviour change strategies appropriate for adolescents [90] . Furthermore, it is the experience of the authors that intervening in the school environment in SA is particularly challenging, especially since local and national ministries of education have become far stricter about the implementation of interventions within the school environment, even outside of learning time. This would have serious implications for the long-term sustainability of an intervention.
Community-based interventions for adolescents have been shown to improve weight outcomes [91, 92] and various psychosocial outcomes [92] , although challenges have been experienced in the implementation of these types of interventions [93] . Interventions aimed at obesity prevention and treatment that involve family members have been shown to be most effective [94, 95] , and interventions emphasising a decrease in sedentary behaviour have been shown to effectively reduce this behaviour and manage weight [96] .
With regards to adolescents' interactions with health services in SA, there have been reports of nurses' poor treatment of sexually active adolescents [97, 98] . Adolescent-friendly health services have been developed in order to address these concerns, and while adolescents use these services [99] , which have been shown to improve the quality of care delivered to adolescents [100] , teenage pregnancies and sexually transmitted infections have not been reduced [99] . Formative work in Soweto, Johannesburg where Youth Friendly Services have been implemented, has shown that youth do not perceive general services as being youth-friendly [101] , and are often not aware of these services [102] .
Community health workers (CHWs) present an alternative for delivering adolescent health services, and some have argued for CHWs who specialise in adolescent health [103] . Specialist CHWs may be able to increase their coverage by specifically targeting households with adolescents, they could help to increase awareness of adolescent-friendly health services, they could focus on key messages for adolescents to enhance behaviour change, and could develop a high level of expertise in adolescent health. More evidence is however required to compare the effectiveness of generalist versus specialist CHWs [103] .
Ntshembo intervention
The Ntshembo intervention will be a community-based intervention that will target all adolescent girls within communities selected for the intervention, as opposed to only targeting those most at risk. Considering that the key behaviours to be addressed by this intervention relate to reproductive health, diet and activity patterns, it is possible that the adolescent girls targeted by this intervention may be at risk because of behaviours in one or more of these areas, or because of their body composition, or may not be at risk at all. The intervention is therefore intended to be flexible in its approach by focussing, at an individual level, on the most relevant area of risk (if any) for each participant.
The intervention will include specialist adolescent CHWs, which is in alignment with the SA National Department of Health's inclusion of CHWs as an integral part of primary health care 're-engineering' in SA. While the National Department of Health has not advocated the inclusion of specialist CHWs, the Ntshembo project could provide a strong rationale for the inclusion of adolescent CHWs into SA's primary health care system in the future, especially in rural areas where the geographical accessibility of health services remains a challenge. These adolescent CHWs will be the main mode of delivery for the Ntshembo intervention.
Based on the identification of personal and external determinants identified in the IM process, and in order to provide social support and facilitate the impact on social norms within the target communities, it is essential that the adolescent CHWs have contact with the individual adolescents, as well as with peers and family members. Furthermore, taking into consideration the role of a facilitating environment highlighted in social cognitive theory, the Ntshembo intervention will include a community mobilisation component. The individual, peer, family and community components are outlined in Figure 2 . The combination of all these components, rather than the individual components themselves, makes the Ntshembo intervention novel.
The 'Healthy Conversation Skills' (HCS) approach, developed in Southampton, United Kingdom, is a training intervention for use with socioeconomically disadvantaged women. Drawing on social cognitive theory, the intention is to improve self-efficacy and perceived control in both the staff delivering the intervention and recipients of the intervention [104, 105] . The HCS approach will be used by adolescent CHWs in their interactions with individual adolescents, adolescents' family members and peer groups. It aligns well with the theoretical framework and behaviour change techniques listed earlier and presented in Figure 1 .
Based on the evidence presented, as well as the IM process, an intervention plan was developed by a small working group (CD, LM and SN), and presented to the co-authors, along with the results of the IM process and a rationale for a rural adolescent health promotion intervention in May 2013. These presentations were then refined and presented to a stakeholder group in Agincourt for their comment and input in July 2013. The stakeholder group included the University of the Witwatersrand staff involved in research and community engagement in Agincourt, a local religious leader, as well as representatives of the local educational services, health services and youth organisations. Feedback from stakeholders was positive, particularly around the inclusion of adolescent CHWs. Stakeholders perceived adolescents to be reluctant to access local clinic health services because of the issues mentioned earlier, as well as the fact that staff at health services are often known by the adolescents caregivers, which may compromise confidentiality. Stakeholders also discussed cultural perceptions regarding female body size, and these will need to be an important consideration in the Ntshembo intervention.
Following the Agincourt stakeholder meeting the intervention was refined, and in August 2013 a reworked intervention was presented to another group of stakeholders that included academics, paediatricians, public health specialists, policy experts, and economists. The complex intervention was seen to be innovative, with importance to primary prevention and the Department of Health CHW framework, and relevant to policy leaders.
Next steps
The UK MRC guidelines highlight the need for feasibility testing in the intervention development-evaluationimplementation process [25] . Based on stakeholder input, intervention materials will be developed, and these materials will undergo feasibility testing in 2014 to: (1) assess the recruitment and training of CHWs to deliver the intervention; (2) assess the content and appropriateness of the intervention components and material; and (3) obtain qualitative process evaluations from observers, CHWs and adolescent females. This study will include the recruitment and training of CHW Teams, and enrol 100 random households with adolescent females from three Agincourt Demographic Surveillance Site villages. These villages will not be included in the planned village cluster randomized trial. Based on the results of the feasibility study, the intervention will be further refined so that it can be evaluated in a cluster randomised controlled trial.
Conclusions
The paper has described the application of the IM approach to the development of the Ntshembo intervention, and has given an outline of this intervention, as well as described stakeholder consultation in the development process. The IM approach has proved to be useful for ensuring that evidence (both local and international) and theory inform the development of the Ntshembo intervention, and this approach has highlighted the importance of considering personal and environmental determinants of behaviour. It is clear from the evidence presented that it is vital to intervene to address NCD risk and optimise health in SA adolescent girls, particularly pre-pregnancy, in order to reduce the intergenerational transfer of metabolic disease risk. The Ntshembo intervention is novel, both in SA and globally, and could prove to be both scalable and sustainable due to its alignment with health service priorities in SA.
